ABSTRACT
INTRODUCTION
The historic centres of some European cities have undergone a gradual degradation and segregation process which speeded up in the second half of the last century. The causes of degradation have been analyzed in depth by several authors, from both the urban development standpoint and the economic and social perspectives, the latter being the most incidental and fundamental when planning a series of state interventions in a degraded, segregated and marginal historic area. In Schelling's dynamic models (1971a, 1971b and 1978) , an individual's preferences are set regarding the neighborhood area in which he is going to live, in such a way that he will move to or remain in a determined area depending on the neighborhood characteristics. Thus it seems reasonable that an individual will not reach his level of "happiness" in a degraded area. As a consequence of its neglect, a worse deterioration of urban environment will take place, due to both the lack of upkeep and the lack of new investments in public goods and facilities.
Over the last few years, local governments in these cities have implemented schemes for urban regeneration and rehabilitation of those historic areas, particularly in the degraded historic and heritage urban areas closest to the central districts. This has been done not only to improve the urban environment, but to satisfy the demand for housing in cities in an expansion situation, in order to avoid the sprawl effectuncontrolled growth on the outskirts of the city (Glaeser and Shapiro, 2003) . In most cases, these rehabilitation plans envisage joint action between the public and private sectors in order to recover these areas, so as to arouse greater residential, commercial, leisure and even tourist interest. Many authors (Van Oers, 2007; Nijkamp and Riganti, 2008; Communities and Local Government, 2009 ) highlight the role of historic built environment in promoting economic and regional growth and development, while others (Avrami et al. 2000, Evans and Shaw, 2001; Greffe, 2004; Evans, 2005; Tweed and Sutherland, 2007; English Heritage, 2009; Pereira Roders and Van Oers, 2011) ascertain how heritage can boost the local and national economy and create employment by increasing tourist and investment appeals and providing leisure, recreation and educational facilities.
The evaluation of urban regeneration programs is a complex issue, given that several aspects are concerned: urban, cultural, social and economic, among others.
Furthermore, the beneficial effects like the improvement of the urban environment and living conditions, the upkeep and restoration of facilities that are designated as cultural heritage, the additional urban structures and infrastructures, the restoration of historic built heritage, etc. result in externalities which have an impact on both the economic activity, employment and well-being of the area. These externalities involve all the factors identified as contributing to the overall quality of place, and therefore influencing people's and businesses' choice of location, including diversity, tolerance and safety, environmental quality, aesthetics, amenities, opportunities for recreation, culture and an environment supportive of lifestyle choices (Brown and Meczynski, 2009 ). Paul Lawless (2004) analyzes and evaluates the results from the ABI (Area Based Initiative) announced in 1998, "New Deal for Communities", in at least five aspects: crime, education, health, worklessness and housing. In fact, the impact regarding this last aspect is potentially quantifiable insofar as housing demand is concerned: the increase in demand of housing in these areas is materialized in more rehabilitation work, more promotions of newly built houses, and also in a rise in the market values of property.
The problem arises when the scheme of some of these urban regeneration initiatives do not help to avoid inner segregation and maintenance of less-privileged areas inside an only neighborhood, with the consequent increase of social and economic inequalities.
This study will try to give a solution to this kind of problems. For this purpose, a model is put forward whose main objective is to provide a public investment assignment in search of the most homogeneous impact for the historic neighborhood and the set of possible locations as a whole. Assuming these interventions in cultural heritage and historic residential properties will generate a series of positive externalities, the objective of this study will be to look for the minimum variability situation, in which externalities will equally benefit all the neighborhood areas, thus providing greater cohesion and avoiding internal segregation. With this aim, the model was designed for studying the effect of the public investment assignment among different locations in a determined historic area. A priority intervention area in the city of Valencia (the neighborhood of Velluters) was taken as a reference.
STATE INTERVENTIONS IN URBAN REGENERATION AND THEIR LOCATION: PREVIOUS

RESEARCH
There are a large number of studies dealing with state intervention processes in urban regeneration and planning and their effect on the residential areas and neighborhoods. As noted previously, Lawless (2004) studies the Area-based initiatives (ABIs) and discusses three major themes that have proved central to the wider urban debate: community engagement, partnership working and the complexity of ABIs. Eden and Tunstall (2006) suggest how to address the ecological aspect within research and practical agendas for urban restoration projects, while several authors (Evans and Shaw, 2001; Stubbs, 2004; Evans, 2005; Jones and Slinn, 2008; Nijkamp and Riganti, 2008 ; among others) highlight the increasing role of cultural heritage in processes of regeneration and sustainable development of cities and regions. Focusing on urban housing policies, Murie and Rowlands (2008) underline the use of the planning system to deliver different kinds of affordable housing and the resulting styles and densities of urban housing development. Furthermore, Cameron (2003) studies the housing redifferentiation and population displacement effects of urban regeneration.
Gentrification and segregation (Schelling 1969 (Schelling , 1971b (Schelling , 1972 effects have been widely studied by several authors. De Souza Briggs (1997), Blasius et al, (2007) and Joseph et al, (2007) argue that policy initiatives implemented in order to improve neighborhood environments all arise from the belief that neighborhoods have an important and independent effect on the well-being and life-chances of individuals. From a socioeconomic point of view, two main fields can be differentiated with regards to urban policy initiatives in the improvement of neighborhoods: (a) existence and provision of public goods, amenities and facilities and (b) externalities management (Guellec and Rallen, 1995) .
Within the first group are studies that analyze the number and optimum location of public amenities and facilities under the influence of the land market (Sakashita, 1986 , Fujita, 1986 and Berliant et al., 2006 . For example, these show how households or tenants will maximize its utility when the public amenity, which gives a positive service, is located in the centre of the area. Similarly, if the service rendered is negative, it will be located in the outskirts.
With respect to aspects which influence property and real estate, it should be distinguished those which are intimately linked to location from those which are not. The Tiebout model (1956) states that individuals will decide the location of their residence as the place where they can attain the highest level of well-being and security. Royuela et al. (2006) established that the concept of "quality of life" associated with well-being is sustained on the basic supposition that the physical, economic and social setting can influence individuals' economic behavior at the same time as their individual happiness and collective well-being. Manning (1986) introduces "the interurban household quality of life equilibrium", which states that there is a portion of the population willing to compromise their rent for a higher level of services and better environment. Thus, they increase their utility by means of spatial externalities, which are supposed to be positive.
Thus, when acquiring a property, all attributes and/or location features (e.g., neighborhood characteristics, socio-cultural level, education, safety, etc.) mean spatial externalities which are inherent to the location of the chosen property. Krum (1960) sets an equilibrium model in which, after considering the housing attributes, the value would be explained by the neighborhood homogeneity and the existing level of services. Lynch and Rasmussen (2004) estimate the impact of the neighborhood characteristics on the real estate market, and check how the neighborhood effect on the property market starts to diminish with a distance of 3 to 4 miles. Richardson (1977) introduces the "rent externality" component, which reflects the impact of the existing amenities and services, as well as the better quality of the environment in the closest areas to central district. In contrast, Ihlanfeldt (2004) justifies segregation and the existence of "ghettos" due to negative externalities of different nature, such as inadequate housekeeping, citizen insecurity, racial prejudices, etc.
Much of the academic literature deals with spatial and geographical economics and studies spatial externalities. In the case of property and real estate, externalities could be classified in three main groups: physical, social and urban desertification (López García 1992, González-Páramo and Onrubia, 1992) . Physical externalities gather all positive and negative aspects that affect the property environment, such as the number of urban amenities and facilities, the presence of green areas, gardens, parks etc. Social externalities gather all positive and negative aspects related to demographic characteristics of a determined area, such as education level, purchasing power or ethnic population. The demographic desertification is an externality linked to the social phenomena of "filtering" and "gentrification" (White, 1984) , which are likely to take place in the central neighborhoods of the city.
The effect of externalities on the property are reflected on the well-being or discomfort they have on the individuals. In our case study, spatial externalities obtained from urban regeneration state intervention processes, such as a historical building rehabilitation, are considered to be positive and to imply an increase of the utility of the residents and visitors of the neighborhood.
In summary, academic literature tends to address the optimal location of public goods, amenities and/or facilities, their effects on property and the externalities they arise.
Frequently, decisions about the location of state interventions in urban areas are motivated by technical, urban or policy factors rather than socio-economic foundations. Therefore, the locations fixed a priori could generally not be changed, whereas budget assignment to each one of the locations could be modified.
Focusing on externalities, they are not always homogeneous and generate segregation and inequality. The purpose of our work is to avoid both segregation and inequality, with the aim of developing and providing a major inner cohesion in the neighborhood. Providing that some of these urban regeneration initiatives have not succeeded in avoiding these inner poverty areas as well as the social and economic inequalities within an only neighborhood; the aim of this work is to study the situation in which the increase of utility and positive externalities would be the most homogeneous and uniform for the neighborhood as a whole, in order to avoid the maintenance of these less-privileged areas and to obtain a more homogeneous and sustainable urban development, which will provide a better internal cohesion. For this purpose, public investment is streamed among all intervention locations inside the neighborhood in search of the most homogeneous situation, situation which will be determined by the greater uniformity and, therefore, by the minimum variability of the impact index calculated.
This impact index will depend on the location and amount of public investment. One possibility would be to measure by investment per surrounding (circular) area/surface of influence, assuming that the public service or improvement generates non-saturable assets (e.g. cultural heritage, public places, etc.), for whose consumption no displacement is required and which equally affects all housing comprised in the zone.
Thus, and taking the rehabilitation of a historic building front as a example, it increases the utility of all resident and passer-by populations of the area, without producing a saturation in its use or enjoyment, even though this effect diminishes with distance from the intervention location. It should be taken into account that most of the interventions of the studied neighborhood were carried out with the aim of improving public spaces and monuments without a clear bound, or at least explicit in their use or enjoyment.
Thus, the index calculated basically consists of the assignment of a given attribute over the surrounding (circular) area. This follows a similar approach to the law of Clark (1951) , which is based on the assumption that urban density decreases with distance from the city centre, and to spatial density indexes introduced in the works by McDonald and McMillen (2000) and McMillen (2004) . Derycke (1983) and Bailly (1978) also introduce a mathematical model in which population density is related to the distance to the city centre.
It should be acknowledged that investments are relatively recent, and that state intervention areas are not isolated. Thus, it could be assumed that interventions in adjacent areas could also influence the neighborhood. In this case study, it will be considered that not only for the distance (Lynch and Rasmussen, 2004) , but also for the period of time in which the study was carried out, those effects are considered constants with no influence on the studied area.
PROPOSED MODEL
As it has been stated before, it is assumed interventions in cultural heritage and historic residential properties will generate a series of positive externalities. Therefore, the conception of the proposed model is to look for the most homogeneous situation in which externalities will equally benefit all the neighborhood areas, thus providing a better sustainable urban development and cohesion and avoiding internal segregation.
For this purpose and to measure these effects, an impact index was created.
In order to calculate the impact index, it will be assumed a discrete space with N possible points of location of interventions in a particular area of the city, and M locations or sub-areas (zones) of influence, as well as an ) (I vector, N -dimensional, whose j I elements are the economic value of the investment made at the point of intervention j .
This vector ) (I will generate an impact index i Y at each location or sub-area (zone) of influence: ) (Y will be used to designate the M -dimensional vector with all the impact indexes. In principle, the main target will be to get the most possible homogeneous distribution of the positive effects of externalities derived from the state interventions processes. This will allow the most uniform effect on the utility of individuals and a greater cohesion on the neighborhood development, thus avoiding segregation and differentiation in internal sub-areas (zones). According to the homogeneity principle and in search of spatial equity, one possible way of measuring this territorial equity and comparing different situations could be carried out through study and observation of the investment assignment among different locations. In this way, it is possible to check the variability of its effect in both scenarios ("current situation" and "minimum variability situation").
Assuming that the intervention effects are distributed in surrounding (circular) areas throughout the neighborhood (as they are assumed to generate public good/amenities non-saturable which require no movement in order to enjoy them), the impact index could be represented as 
It has been set out as main target the impact index vector to be as homogeneous as possible. In other words, to get its minimum variability, which can be measured by the variance of the elements of the vector ) ( agregated Y whose average index is
Thus, the model enabling us to find the distribution of the budget assigned to the interventions which provides the minimum variability to the impact vector and, therefore, its greater uniformity would be In this equation, B is the total budget assigned to the intervention and k is a minimum value of average impact of the investment. In this case, k corresponds to the average index obtained Y with the assignment of the investment in the "current situation", and could be considered a measure of the well-being obtained in this situation. It will also represent a threshold/line for the "minimum variability situation".
Our aim is for the average impact index obtained in this situation of major uniformity and cohesion to be equal or even higher than that for the "current situation". Thus, for the same budget B and with this threshold/line k , it could be guaranteed that the average impact of the positive externalities for the neighborhood as a whole in the "minimum variability situation" would be, at least, equal to the "current situation", which in our area of study (Velluters) will have a value of 38,284,176.10€ and 126.24€/surface units respectively.
Therefore, by comparison of the distribution and the average impact of the positive externalities between both situations, the model will enable to better address priority areas of intervention and to better achieve sustainable urbanization and internal cohesion by providing a more equitably and efficiently managing of resources inside a cultural heritage and historic area. In the 19th century, historic events took place that affected the fabric of the neighborhood to a greater or lesser extent. The neighborhood began to fall into decay Velluters and be largely overlooked. Provoking its segregation with respect to the rest of the Ciutat Vella neighborhoods, it turned to be one of the most underprivileged areas of the historic centre with a marginalized and ageing resident population (See Figure 3) . 
EMPIRIC DESIGN: SAMPLE AND RESULTS
The sample of interventions taken on the Velluters neighborhood from 1998 to 2006 can be split into two main groups: First, measures on cultural heritage and service amenities (public goods) and second, measures on historic property for residential use (private property) connected with subsidies received by private people for private rehabilitation (See Table 1 ). It will be supposed that effects inside a concrete block-sized square are homogeneous and, therefore, will equally affect the whole concrete block-sized square area. With the initial investment distribution, a "current" distribution for the impact index generated was obtained, resulting in an average initial value. A more homogeneous distribution ("minimum variability") could be obtained, without the result as a whole being worse than the initial one ("current situation"). This result will be measured by the average index value, which should be higher than that obtained for the "current situation" (126.24€/surface unit).
If the 33 investments are located and represented on a plane by means of map symbols (circles) which are proportional to the corresponding investment, a specific weight could be assigned to them, as demonstrated in Figures 5 and 6 . Figure 5 shows the "current situation" and Figure 6 shows the investment distribution for the "minimum variability situation", whose average impact index is 126.77€/surface unit (higher than the 126.24€/surface unit obtained for the "current situation") with the same budget B and the same locations j .
With regard to the distribution of impact vector
, major differences can also be seen (Figure 7) . For the "current situation", the highest values of the impact indexes are concentrated in the blocks close to the interventions executed, with considerable differences between the closest squares as opposed to those that would have been provided by the "minimum variability situation", where the distribution of the index is substantially more uniform. Lastly, Figure 8 shows the relative difference existing between the distribution index for the "current situation" and for the "minimum variability situation". For this minimum variability situation, the distribution of the index is substantially more homogeneous, favouring the zones which hard benefit from the current situation.
This formulation is obviously not the only one possible. The model could be extended in two directions. Firstly, conditional restrictions requiring minimum public investments in certain zones could be incorporated, or for the impact index in certain zones to reach certain values in order to attain particular objectives set by public authorities in the intervention process.
Alternatively, the model could also be extended to obtain the endogenous location of the intervention zones, simply by extending vector ) (I to all the squares in the neighborhood instead of only 33. In this case, however, a different impact index should be used, as some of ij d would logically be null. Nevertheless, endogenous location does not make much sense for the type of interventions which has been analyzed, as the initial situation of the neighborhood will be what conditions the location. In other types of services (education, health or emergencies), endogenous location could make more sense. in the "minimum variability situation" proves far more homogeneous and provides a higher average impact index; (iii) this more homogenous distribution favours the most segregated and less benefited sub-areas (zones) in the "current situation", providing greater internal cohesion and better sustainable urban development for the neighborhood as a whole, with subsequent improvement in the level of well-being for the whole neighborhood and, thus, of quality of life and utility of individuals. This presupposes that all changes arising and endowments stemming from the processes are positive. On the other hand, the model can be extended either by introducing conditional restrictions or by considering endogenous locations.
The paper offers interesting implications for local government and municipal authorities; regarding the urban management, regeneration and rehabilitation standpoint, the model enables to better address priority areas of intervention inside a whole neighborhood and to better achieve sustainable urbanization when carrying out an urban regeneration and rehabilitation process by providing them and their partners (public and private sector) a more equitably and efficiently managing of resources in cultural heritage and historic residential urban areas.
